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TECHNICAL NOTE D-1706 

INFLUENCE OF FLUORINE ENVIRONMENT ON THE MECHA.NICAL 

PROPEBTLES OF SEvERAzl SHEET ALLOYS 

By Hadley T.  Richards and Morgan P. Hanson 

SUMMARY 

The effect of a liquid-fluorine environment on the mechanical properties of 
several sheet alloys was investigated. The smooth and notch tensile strengths 
and the elongation properties of steel, nickel, aluminum, and titanium alloys 
were determined in liquid-nitrogen and liquid-fluorine environments ( -320' F) . 
Possible deterioration in the presence of fluorine and high stresses was detected 
by comparing the properties of alloys exposed to the two f luids  at -320' F. 
comercial-quality fluorine used contained contaminants. 

The 

The results of tests in liquid fluorine indicated possible degradation of 
the mechanical properties of the sheet alloys. Following 2 hour exposure, the 
decrease in tensile strength ranged from negligible to a maximum reduction of 
approximately 11 percent. Elongation showed similar trends. The sharp-notch 
strengths appeared to be unaffected by the liquid fluorine. 
results and surface appearance could have been due to varying amounts of contami- 
nants in the liquid fluorine. There was no evidence of ignition on any of the 
specimens that were fractured in the liquid fluorine environment. 

Variations in test 

INTRODUCTION 

The desirability of using fluorine as an oxidant for rocket propellants is 
generally well known (e .g., ref. 1). 
been limited partly because of certain hazards of handling and storing this ex- 
tremely reactive material. At this research center and in the industry, proce- 
dures have been developed that substantially reduce the hazards and problems of 
using and transferring fluorine. Because of the characteristic of rapid oxida- 
tion of fluorine with many materials, extensive compatability tests have been 
made (refs. 2 to 6). 
ishing to -3200 F, the compatibility between relatively pure fluorine and most 
metallic alloys has been satisfactory. Reference 6 reports the results of me- 
chanical property tests on materials in an unstressed state that were exposed 
to relatively pure liquid fluorine for 1 year. 
properties was made in an air atmosphere at room temperature, and no significant 
changes were observed in the materials considered. 

Extensive use of fluorine, however, has 

At ambient temperatures ( 70° 3') and at temperatures dimin- 

The determination of mechanical 

The possibility was considered that the results of references 2 to 6 might 
not be indicative of the effects that could be encountered if materials were in 



a s t r e s s e d  s t a t e  i n  a f l u o r i n e  environment and t h e  f luo r ine  were of no g r e a t e r  
p u r i t y  than normally encountered i n  commercial l o t s .  I n  the  work herein,  t he  
s t r e s s  t o  f a i l u r e  occurred i n  the  f luo r ine ,  and, therefore ,  f r e s h l y  f r a c t u r e d  
surfaces  ( i . e . ,  they  have no pro tec t ive  f luo r ides )  would be exposed t o  t h e  pos- 
s i b l e  reac t ive  e f f e c t s  of s l i g h t l y  contaminated f luo r ine .  The present invest iga-  
t i o n  was conducted on s e v e r a l  sheet  a l l o y s  t h a t  could be considered f o r  use i n  
pressure vesse ls .  
minum, t i tanium, and nickel-base a l loys  were invest igated.  The specimens were 
exposed t o  t h e  f luo r ine  environment i n  a s t r e s s e d  condition f o r  2 hours p r i o r  
t o  continued loading t o  f r ac tu re .  The specimens were passivated with gaseous 
f luo r ine  p r i o r  t o  being s t r e s s e d  i n  t h e  presence of l i q u i d  f l u o r i n e  i n  a t r e a t -  
ment similar t o  t h a t  experienced by rocket-vehicle propel lant  tanks .  

Sharp-notch and smooth sheet t e n s i l e  specimens of s t e e l ,  a h -  

I n  order t o  have data  with which t o  compare t h e  mechanical proper t ies  ob- 
t a i n e d  i n  f luor ine ,  specimens of t h e  same sheet  and heat treatment were a l s o  
t e s t e d  i n  an environment of l i q u i d  ni t rogen ( -320° F) . 
conditions were the  same except that t h e  r e l a t i v e l y  i n e r t  l i q u i d  ni t rogen was 
s u b s t i t u t e d  f o r  t he  highly r e a c t i v e  l i q u i d  f luo r ine .  

I n  this manner, t h e  t e s t  

TEST SPECIMENS AND APPARATUS 

Mater ia ls  

The nominal chemical compositions, heat treatments,  and thicknesses of t he  
sheet  a l l o y s  used i n  t h i s  inves t iga t ion  a r e  given i n  t a b l e  I. 
t e s t e d  with specimens cu t  p a r a l l e l  t o  t h e  d i r e c t i o n  of r o l l i n g .  

A l l  mater ia ls  were 

T e s t  Specimens 

Dimensions of both t h e  sharp-notch and smooth t e n s i l e  specimens a r e  shown i n  
f i gu re  1. The sharp-notch specimen e s s e n t i a l l y  complies with t h a t  proposed f o r  
sheet  screening work by t h e  As’I!M Committee on Fracture  Testing of High Strength 
Sheet Mater ia ls  (ref.  7 ) .  
mercial ly  supplied condition, with t h e  machining l i m i t e d  t o  t h e  edges. The ra- 
dius of t h e  sharp notch was l e s s  than 0 . 0 0 1 i n c h  as determined by examination 
with an o p t i c a l  comparator a t  a magnification of 100. 

The specimens were machined f r a m  sheet ,  i n  t h e  com- 

Te s t Chamber 

The t e s t  chamber, shown i n  an exploded view i n  f igu re  2, was a cyl inder  of 
0.065-inch-wall, 304-stainless-s teel tubing,  approximately 11 inches long, with 
a s e r r a t e d  f lange welded t o  the  access end t o  accommodate a s o f t  aluminum gasket.  
The opposite end, which was t h e  top,  had a 3-inch-long s t a i n l e s s - s t e e l  bellows 
capped with a compression f i t t ing  t h a t  was m o a f i e d  with a Teflon washer r a the r  
than t h e  o r i g i n a l l y  used s t a i n l e s s - s t e e l  f e r r u l e .  This arrangement sea led  t h e  
top  t e n s i l e  loading rod t o  t he  chamber. The bellows permitted unrestrained mo- 
t i o n  of t h e  upper specimen g r i p  throughout load appl ica t ion .  The difference i n  
pressure from ins ide  t o  outs ide across  the  w a l l  of t h e  bellows was s l i g h t l y  nega- 

2 



z ive  during operation with l i q u i d  f luo r ine .  
of t h e  closing f lange as shown i n  f igu re  2 .  The threaded hole i n  the  center  of 
this f lange accommodated t h e  lower t e n s i l e  rod. 

The lower g r i p  was an i n t e g r a l  part 

Figure 3 shows a sketch of t h e  t e n s i l e  loading apparatus,  t h e  t e s t  chamber, 
t h e  l iquid-ni t rogen cryos ta t ,  and a schematic diagram of t h e  supply piping f o r  
purging, f i l l i n g ,  and emptying t h e  t es t  chamber. The t e n s i l e  load was generated 
by a hydraulic ram mounted a t  t h e  t o p  of t h e  loading frame. Hydraulic f l u i d  un- 
der pressure was metered t o  t h e  ram by means of a needle valve from a previously 
charged accumulator. The t e n s i l e  load on t h e  specimen was measured by a load  
c e l l  u t i l i z i n g  s t r a i n  gages f o r  load ind ica t ion .  This load c e l l  was s o  mounted 
t h a t  it was i n  compression when load  was appl ied  t o  t h e  t e s t  sec t ion  ( f i g .  3). 
The load  c e l l  was ca l ibra ted ,  a t  various times during t h e  t e s t  program, i n  a hy- 
drau l ic  un iversa l  t e s t i n g  machine. The f l u o r i n e  was supplied i n  gaseous form 
from a bank of cyl inders ,  each containing approximately 6 pounds of commercial 
f l uo r ine .  Double valving and h e l i m  purging were used i n  t h i s  p a r t  of t h e  system 
f o r  safe cont ro l .  

PROCEDURE 

The general  procedure throughout t he  inves t iga t ion  was t o  determine the  
bas ic  mechanical proper t ies  (ul t imate  s t rength ,  0 . 2  percent y i e l d  s t rength ,  per- 
cent elongation, and sharp-notch t e n s i l e  s t rength)  of each material i n  a l iqu id-  
ni t rogen environment. Then, similar determinations (with the  exception of y i e l d  
s t rength)  were made i n  an environment of l i q u i d  f luo r ine .  
mens, while under s t r e s s ,  were expqsed t o  f l u o r i n e  f o r  2 hours p r i o r  t o  t h e  u l t i -  
mate failure. For smooth t e n s i l e  specimens, t h e  hold s t r e s s  appl ied  was 90 per- 
cent of t h e  0.2 percent y i e l d  s t r e n g t h  of t h e  material t e s t e d  i n  l i q u i d  ni t rogen.  
For notch specimens, t h e  hold s t r e s s  was 90 percent of t he  f a i l u r e  stress i n  
l i q u i d  ni t rogen.  The t i m e  of exposure was 2 hours i n  t h i s  case, a l s o .  

However, t h e  speci-  

The use of l i q u i d  and gaseous f luo r ine  required observance of s p e c i a l  han- 
dling methods t o  ensure c leanl iness  i n  t h e  various components of t h e  tes t  equip- 
ment. Any o i l ,  scale ,  and so fo r th ,  which might r eac t  with the  f luor ine ,  were 
removed t o  avoid damage t o  t e s t  equipment, i n ju ry  t o  personnel, o r  inaccurate 
t e s t  data.  Generally, t he  same procedure w a s  used f o r  a l l  components of the  sys- 
tem. The d e t a i l s  given i n  the  following paragraphs apply spec i f i ca l ly  t o  the  
t e s t  specimen. 

All specimens were degreased i n  a solvent and then immersed i n  a 20-percent 
n i t r i c  a c i d  ba th  f o r  about 5 minutes. When removed, they  were thoroughly r i n s e d  
with water followed by an acetone wash t o  remove any remaining water. After  t h e  
specimen was assembled i n  the  gr ips  and t h e  t e s t  chamber w a s  c losed by a t tach ing  
t h e  cover and f luo r ine  l i n e s ,  t h e  f a c i l i t y  was purged and checked f o r  leakage 
with helium gas t o  30 pounds per square inch. This pressure was held within t h e  
f a c i l i t y  f o r  approximately 15 minutes. If no leaks were discovered, t h e  system 
was evacuated and held f o r  about 1 hour t o  check f u r t h e r  f o r  leakage. 

When t h e  system was determined t o  have no leaks,  f l uo r ine  gas was allowed t o  
flow i n t o  t h e  l i n e s  and t e s t  chamber u n t i l  a pressure of 10 pounds per square 
inch was reached. This condition was maintained f o r  4 or more hours t o  pass iva te  
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t h e  apparatus completely. This procedure w a s  s tandard f o r  e i t h e r  gaseous o r  l i q -  
u i d  f l u o r i n e .  For t h e  l i qu id - f luo r ine  tests,  t h e  reservoir surrounding t h e  t e s t  
chamber ( f i g .  3 )  w a s  f i l l e d  with l i q u i d  ni t rogen.  
known volume with gaseous f l u o r i n e  t o  a pressure of 40 pounds pe r  square inch, 
gave a f i l l e d  tes t  chamber when t h e  f l u o r i n e  was l i q u i f i e d .  

Charging t h e  holding t ank  of 

When t h e  t e s t  chamber was f i l l e d  with l i q u i d  f luo r ine ,  as descr ibed previ-  
ously, t h e  smooth specimens were loaded t o  a stress value equal  t o  90 percent  of 
t h e  y i e l d  s t r e n g t h  of t h e  material a t  a temperature of -320° F ( l iquid-ni t rogen 
b o i l i w  temperature).  The notch specimens were loaded t o  90 percent of t h e  fa i l -  
ure s t r e s s  of dupl icate  notch specimens i n  l i q u i d  nitrogen. This l oad  w a s  main- 
t a i n e d  f o r  2 hours s o  t h a t  t he  specimens were under s t r e s s  during t h e  time of ex- 
posure t o  f l u o r i n e .  After  t h i s  time, t he  load w a s  increased u n t i l  f r a c t u r e  r e -  
su l t ed .  All specimens were loaded t o  f r a c t u r e  a t  s t r a i n  r a t e s  of about 0.005 
inch pe r  inch p e r  minute. 

Af te r  f r a c t u r e  of t h e  specimen, t h e  l i q u i d  ni t rogen was drained, and the 
f l u o r i n e  w a s  valved t o  a cha rcoa l - f i l l ed  burner where t h e  f l u o r i n e  reac ted  t o  
form harmless byproducts. Af te r  t h e  f l u o r i n e  was consumed, t h e  system was purged 
with helium gas f o r  a t  l e a s t  1 minute. The t e s t  chamber was  removed and t h e  en- 
t i r e  process repeated f o r  the next specimen. 

DISCUSSION AND RESULTS 

The use of f luo r ine  i n  t h e  as-received condition may have influenced t h e  
r e s u l t s  of t h i s  i nves t iga t ion .  The present  tes ts  w e r e  made with commercially 
ava i l ab le  f l u o r i n e  t h a t  may have contained varying amounts of f l u o r i n e  compounds. 
Chemical ana lys i s  of t h e  contents of some commercial cyl inders ,  af ter  completion 
of t h e  tes t s ,  i nd ica t ed  as low as 75 percent  f l u o r i n e  with t h e  remainder being 
hydrogen f luo r ide ,  carbon t e t r a f l u o r i d e ,  oyygen f luo r ide ,  carbon dioxide, and so  
f o r t h .  Consequently, t h e  e f f e c t s  of pure f luo r ine  on t h e  mechanical p rope r t i e s  
of c e r t a i n  a l l o y s  have not been resolved i n  t h i s  i nves t iga t ion .  No provision w a s  
made t o  f i l t e r  out contaminants nor t o  analyze the  f luo r ine  f o r  p u r i t y  i n  t h e  in-  
d iv idua l  t e s t s .  During t h e  per iod of t e s t i n g ,  a number of f l u o r i n e  b o t t l e s  were 
used; t he re fo re ,  t h e  contaminants may have var ied from one t e s t  t o  t he  next .  
Also,  contaminants may have been formed during t h e  t r a n s f e r  of t h e  f luo r ine  from 
the  b o t t l e s  t o  t h e  t e s t  chamber. This could occur i f  t h e  helium purge d i d  not 
remove a l l  moisture p r i o r  t o  a s p e c i f i c  t e s t .  I n  rocket app l i ca t ion ,  it may be 
reasonable t o  assume some contamination i s  possible  because of t h e  complexity of 
t h e  propel lant  system. Using t h e  f luo r ine  with contaminants, as i n  t h i s  i n v e s t i -  
ga t ion ,  i s ,  therefore ,  bel ieved t o  be more r e a l i s t i c  than using pure f luo r ine .  
I n  reference 3, it w a s  pointed out t h a t  t he  contaminants i n  the  f luo r ine  may 
g r e a t l y  i n t e n s i f y  r e a c t i v i t y ;  t h a t  i s ,  t h e  higher t h e  percentage of hydrogen 
f luo r ide  i n  the  f luo r ine ,  t he  more corrosive it becomes. The r e s u l t s  of t h i s  i n -  
ves t iga t ion  should, therefore ,  be q u a l i f i e d  as being influenced by t h e  contam- 
inan t s  as we l l  as t h e  f luo r ine .  

Li quid-Fluorine Tests 

The t e n s i l e - t e s t  results of t h i s  i nves t iga t ion  a r e  t a b u l a t e d  i n  t a b l e  11. 
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The table  l i s t s  smooth and notch t e n s i l e  s t rengths  and elongations i n  l i q u i d  f l u -  
or ine a t  -320O F. The mechanical proper t ies  of t h e  a l loys  i n  a noncorrosive en- 
vironment ( l i q u i d  nitrogen, - 3 2 0 O  F) are a l s o  l i s t e d .  
f l uo r ine  and t h e  contaminants on t h e  a l loys  was evaluated by comparing these  
proper t ies  as obtained i n  both t e s t  mediums. 

Possible  r eac t ion  of t h e  

The bar  graphs i n  f igu re  4 show t h e  average percent change i n  smooth and 
notch t e n s i l e  s t rengths  and elongations i n  l i q u i d  f luo r ine  as compared with those 
i n  l i q u i d  ni t rogen.  Also shown are t h e  extremes of the b t a  obtained f o r  each 
mater ia l .  Most of t h e  a l loys  inves t iga ted  show a reduction i n  smooth t e n s i l e  
s t r eng th  i n  t h e  l iqu id- f luor ine  environment. The average reduct ion va r i e s ,  with 
the  a l loy ;  however, if t h e  least value of reduction i s  considered f o r  each a l loy ,  
t h e  e f f e c t  of t h e  f luo r ine  environment i s  e s s e n t i a l l y  negl ig ib le .  When t h e  sca t -  
t e r  of data i n  both t h e  f luo r ine  and ni t rogen environments i s  considered 
( t a b l e  11), t h e  present  data ind ica t e  a possible  t r e n d  r a t h e r  than  a conclusive 
e f f e c t .  

The degradation of t h e  smooth t e n s i l e  s t rength ,  though, i s  confirmed by an 
assoc ia ted  reduct ion i n  e longat ion of most of t h e  a l l o y s .  I n  general ,  the elon- 
ga t ion  t rends  are similar t o  those ind ica ted  f o r  t h e  smooth t e n s i l e  s t r eng th  i n  
ind iv idua l  tes ts .  The 70 percent cold-reduced AIS1 301 and 304L elongations were 
omitted from f igu re  4 because of t h e  low elongations of these  a l loys  (1 .0  t o  
2 . 0  percent ) .  
t a i n .  

Six of t h e  a l l o y s  i n  t h i s  study were t e s t e d  f o r  notch s t rength,  and these  
showed ( f i g .  4 ) ,  a t  most, a reduct ion i n  notch s t r eng th  of 3 percent i n  l i q u i d  
f luo r ine  compared with t h e  notch s t r eng th  i n  l i q u i d  ni t rogen.  Any e f f e c t  of the 
l i q u i d  f luo r ine  on t h e  notch s t r eng th  i s  probably overshadowed by t h e  f a c t  t h a t  
t h e  a l loys  are notch s e n s i t i v e  because of t h e  low temperature (-320° F)  and t h e  
sharp-notch rad ius .  There was no evidence of i g n i t i o n  on any of t h e  specimens 
t h a t  were f r ac tu red  i n  t h e  l iqu id- f luor ine  environment. 

Consequently, any e f f e c t  due t o  f luo r ine  w a s  d i f f i c u l t  t o  ascer-  

Gaseous-Fluorine Tests 

During t h e  course of t h e  present  inves t iga t ion ,  a t t e n t i o n  w a s  given t o  pos- 
s ib l e  i g n i t i o n  of t h e  m e t a l  as a r e s u l t  of f r a c t u r e  i n  gaseous f luo r ine  under 
flow condi t ions a t  ambient temperature (approx. -'5O F ) .  I n  these t e s t s ,  t he  
t e s t  chamber shown i n  f igu re  2 w a s  used. The gaseous f luo r ine  w a s  admitted a t  
t h e  s ide  of' t h e  chamber. A high-velocity j e t  of gaseous f luo r ine  w a s  impinged 
upon t h e  specimen from i n i t i a l  loading t o  f r a c t u r e .  
lowed d i r ec t ing  the  j e t  a t  t h e  f r a c t u r e  loca t ion .  

Using notched specimens al-  

A f t e r  four  specimens were f r ac tu red  i n  t h e  gaseous f luo r ine  j e t  with no ev i -  
dence of i gn i t i on ,  t h e  scheme was abandoned as a poss ib le  i g n i t i o n  tes t .  O f  t h e  
four  specimens, two were AM 350, and two w e r e  Ti-6Al-4V. A Chromel-Alumel the r -  
mocouple, loca ted  adjacent  t o  the  notch, ind ica ted  no temperature r i s e .  Also, 
t h e  r e s u l t s  of notch s t rengths  i n  gaseous f luo r ine  compared favorably with t h e  
notch s t r eng th  of a l loys  i n  a i r .  
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Inf luence of Contaminants 

The surface appearance of t h e  various materials af ter  t e s t i n g  d i d  not usu- 
a l l y  permit a q u a l i t a t i v e  approach t o  determining t h e  de l e t e r ious  e f f e c t  of t h e  
f l u o r i n e .  Most of t h e  specimens were s t a i n e d  or were coated with corrosive prod- 
uc t s ,  probably because of t h e  impure f l u o r i n e  used. These products w 3 r e  not nec- 
e s s a r i l y  from reac t ions  with t h e  specimens but  could have r e s c l t e d  from reac t ions  
of other  p a r t s  of t h e  system such as t r a n s f e r  l i n e s ,  valves, and so f o r t h .  Ref- 
erence 8 descr ibes  i n  much more d e t a i l  t h e  e f f e c t s  of impuri t ies  i n  t h e  f l u o r i n e .  

I n  view of t h e  v a r i a t i o n s  i n  mechanical p rope r t i e s  with F a r a l l e l  t e s t  con- 
d i t i o n s  and t h e  range of surface appearances after t e s t i n g ,  t h e  possible  reduc- 
t i o n  i n  t e n s i l e  p rope r t i e s  i n  t h e  l i qu id - f luo r ine  environment may be a t t r i b u t e d  
t o  contaminants i n  t h e  f l u o r i n e .  

I n  t h e  ind iv idua l  t e s t s ,  such as t h a t  of AM 350, four specimens i n  l i q u i d  
f l u o r i n e  showed m a x i m u m  v a r i a t i o n s  i n  smooth t e n s i l e  s t r eng th  from -4.4 t o  
3 . 6  percent  of t h e  average. The l iquid-ni t rogen smooth t e n s i l e  s t r eng ths  a l s o  
varied; however, t h e  two lowest s t r eng ths  (272,000 and 270,000 p s i )  have substan- 
t i a l l y  lower elongations ( s e e  t a b l e  11). 
though, showed a maximum v a r i a t i o n  i n  smooth t e n s i l e  s t r e n g t h  from -10.2 t o  
6.8 Fercent of t h e  average i n  t h e  l i qu id - f luo r ine  environment. I n  t h e  l i q u i d  
nitrogen, t h e  a l l o y  showed about k 2 . 0  percent v a r i a t i o n  from t h e  average. The 
surface appearance of t h e  Ti-6Al-4V a l l o y  was unique. This a l l o y  showed l i g h t  
t o  heavy granular  e tching of t h e  surface from immersion i n  t h e  f l u o r i n e  ( f i g s .  
5(a) and ( b ) ) .  Figure 5 (c )  shows t h e  surface of a specimen immersed i n  l i q u i d  
ni t rogen.  A t  t h e  other  extreme, some t i t an ium specimens showefi no etching af ter  
exposure t o  l i q u i d  f l u o r i n e ,  and t h e  surface appeared clean except f o r  l o c a l  
s t a i n i n g .  The photomicrographs a s soc ia t ed  with f i g u r e s  5( a )  and ( e )  are repre- 
s e n t a t i v e  of t h e  surface and subsurface s t r u c t u r e  of t h e  specimens af ter  immer- 
s i o n  i n  l i q u i d  f l u o r i n e  and l i q u i d  ni t rogen.  From t h e  photomicrograph i n  f i g -  
ure 5(a),  it appears t h a t  t h e  a t t a c k  i s  a surface phenomena s ince  no penetrat ion 
i n t o  t h e  g r a i n  boundaries i s  apparent.  

The Ti-6Al-4V so lu t ion - t r ea t ed  a l l o y ,  

SUMMARY OF RESULTS 

The short-t ime exposure of s t r e s s e d  t e n s i l e  specimens t o  l i q u i d  f l u o r i n e  
ind ica t ed  d e t e r i o r a t i o n  of some mechanical p rope r t i e s  when compared with s i m i l a r  
tests i n  a nonreactive environment a t  t h e  same temperature ( i  .e . ,  l i q u i d  n i t r o -  
gen, -320' F ) .  This ind ica t ed  e f f e c t  i s  bel ieved due t o  contaminants. The re- 
su l t s  a r e  regarded as s i g n i f i c a n t  s ince ,  i n  appl icat ion,  f l u o r i n e  systems may 
contain contaminants. Detailed r e s u l t s  from t h i s  i nves t iga t ion  are summarized 
as follows : 

1. Exposure of several a l l o y s  t o  l i q u i f i e d  commercial f l u o r i n e  seemed t o  
have a detr imental  e f f e c t  upon t h e  t e n s i l e  s t r e n g t h  of some a l l o y s .  A l i m i t e d  
number oP t e s t s  ind ica t ed  tha.t 2 hours oP exposure lowered t e n s i l e  s t r eng ths  
irom i n s i p i f i c n n t  amounts t o  as rruch as 11 percent .  The elongations shoJied 
s i r c i l e r  t r e n d s .  

2 .  The sharp-notch s t r eng ths  were not s i g n i f i c a n t l y  a f f ec t ed .  
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3. The presence of contaminants could have been t h e  cause of t h e  degrada- 
t i o n ,  and varying amounts might have accounted f o r  t h e  va r i a t ions  i n  mechanical 
proper t ies .  

4. The surface appearance of specimens exposed t o  l i q u i d  f luo r ine  var ied  
from clean t o  discolored and etched sur faces  had occasional deposi ts  of corrosion 
products.  
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TABLJ3 11. - TEST RESULTS OF MECHANICAL PROPERTIES IN LIQVn, NITROGEZV AND LIQUID FLUORINE 

199 
185 
208 
220 

jl 

14.0 
7.0 
5.0 
8.0 

Liquid ni t rogen,  -320' F Liquid f luo r ine ,  -320° F 

Smooth 
t e n s i l e  

s t rength ,  
ks i 

Percent 
elongat ion  

Notch 
t e n s i l e  

s t rength ,  
ks i 

Smooth 
t e n s i l e  

s t rength ,  
hi 

Percent 
elongation 

Notch 
t e n s i l e  

s t rength ,  
ksi 

76 
101 

- 
88.5 

298 
293 
272 
270 
293 
285 
- 

21.0 
22.5 
6.0 
9 .o 
21.0 
15.9 
- 

79 
104 
90 

- 
91 

262 
252 
256 
242 

253 
- 

6.7 
7.0 
7.0 
8.5 

I-- ASM 6434 

- 
7.3 

276 
2 98 
2 90 
276 
285 
- 

6.8 

4.0 
4.0 
4.9 
- 

52.2 
65.2 

- 
58.7 

2 71 
270 
277 
274 
273 
- 

2.0 
2.1 
2.5 
3.0 
2.4 
- I- Inconel X 10.7 

18.0 
13.5 
14.1 
- 

179 
195 
192 
18 9 
- 

19.0 
21.0 
18.0 
19.3 
- 

192 
199 
18 9 
193 

340 
344 
342 

257 
253 
264 
2 58 

- 

- 

- 

1.5 
1.3 
1.4 
- 219 

226 
223 
- 349 - 1.0 

- 
216 - 

AISI 301 
70 percent C r  

AISI 304L 256 
2 54 

255 
- 

240 
251 

246 
- 

2.0 
2.0 

2.0 
- 

250 

- 
1.5 
1.5 
1.5 
- 

84.0 
86.0 
83.0 
84.3 
- 

13.0 
14.0 
13.5 
13.5 
- 

56.4 
60.7 

58.6 
- 

82.0 
83.3 
79.5 
81.6 
- 

2014-T6 C l a d  58.5 
59.7 

59.1 

58.2 
55.5 

- 

- 
56.9 

12.0 
12.0 

ll. 7 

20.5 
16.5 
17.5 

18.2 

11.0 

- 

60.6 
61.3 

- 
61.0 

24.0 
22.5 

- 
23.3 

55.5 
58.7 
54.7 
56.0 
56.2 
- 

60.2 
56.0 
62.0 

59.4 
- 

6061-T6 Bare 

7075-T6 Clad 94.5 
94.0 
94.0 
94.2 
- 

14.5 
14.0 

14.3 
- 

38.7 
34.2 
39.6 
37.5 
- 

89.8 
93.0 

91.4 
- 

10.5 
11.0 

10.8 
- 

i 
207 
2 03 
205 
205 
- 

6.0 
11.0 
11.7 
9.6 
- 

183 
199 
196 
193 
- 

181 
187 

184 
- 

183 6.5 
180 1 6.0 
- - 
182 1 6.3 

Ti-W-4V 
Annealed 

Ti-6Al-4V 
Solut ion t r e a t e d  

226 
225 
218 

- 
223 

17 .O 
17.0 
14.0 

16.0 
4.5 

206 7.7 
I 
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Surface 

SuSsurface micros t ruc ture ,  x250 

( a )  Liquid f l u o r i n e ,  heav i ly  e tched .  

1 

Surface 

(b) Liquid f l u o r i n e ,  l i g h t l y  e tched .  

Surface 

Subsurface micros t ruc ture ,  x250 

( c )  Liquid n i t rogen .  

F igure  5. - Comparison of sur face  and subsurface of Ti-6Al-4V 
a l loy  a f t e r  t e s t i n g  i n  l i q u i d  f l u o r i n e  and l i q u i d  n i t rogen  
(-320' F). 
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